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Professor Herrick has set before us clearly the principal con- 
clusions derived from the attempt to analyze from a functional 
standpoint the cranial and spinal nerves, chiefly among the Ich- 
thyopsida. The writer will confine himself to  the inquiry as to 
what support these conclusions find in the development in a favor- 
able type such as Ameiurus, laying emphasis largely upon the mode 
of origin and the morphological relations of the cranial ganglia, 
exclusive of the sympathetic ganglia. The ganglia in the verte- 
brates are the source of the central and peripheral fibers which 
have been grouped into the various coniponent systems, and are 
in a very literal sense the foundation of these systems. Their 
niode of origin must affect vitally our conception of the theory of 
nerve components. The cat-fishes were chosen as a type, partly 
because the nerve components of the adult are known through 
Dr. Herrick’s work, and partly because the character of the gus- 
tatory system is such that it seemed to be a favorable form in 
which to differentiate between the special visceral and general 
visceral systems of ganglia. 

In contrast with the favorable conditions offered by the embryo, 
the cranial nerves of the adult cat-fish are much more difficult to 
analyze than those of such a form as Menidia, but by going back 
to a stage between eighty and ninety hours after fertilization, we 
find the ganglia in such a simple condition, with so little fusion 
of the various ganglionic coniponents, that their analysis becomes 
comparatively easy. A t  this stage (as shown in fig. 1) we find 
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with one exception that the various ganglia are arranged exactly 
as in Menidia. The exception is found in the case of the 9th 
nerve, which contains a special somatic or lateralis ganglion which 
is absent in Menidia. The visceral system (in horizontal shading, 
Fig. 1) is not differentiated into a general and special visceral sys- 
tem, but is left as shown in Professor Herrick’s chart of Menidia.’ 
We find here general somatic ganglia (unshaded in Fig. 1) in the 

Fig. 1. Reconstruction of the cranial ganglia of Ameiurus melas. Oc. 8, obj. 
4mm, Spencer. Trigeminal, facial and anterior half of auditory from an embryo 
of 86 hours. The posterior half of the auditory,the glossopharyngeal and the vagus 
from an embryo of 93 hours. General somatic ganglia unshaded; spccial somatic 
gang!ia indicated by vert,ical shading; general and special visccral ganglia com- 
bined, indicated by horizontal shading. 

5th or gasserian, and in the 10th. Special somatic ganglia (in 
vertical shading, fig. 1) supplying the ear and lateral line organs, 
are found in the 7th, 8th, 9th and 10th. General and special 
visceral ganglia are found in the 7th or geniculate in the 9th 
and in four divisions of the 10th. The general and special vis- 
ceral ‘ganglia, as mentioned above, cannot be separated in any 
type in the adult, and even in a late stage of development cannot 
be distinguished. 

Starting with this type of ganglionic arrangement so common 
among the Ichthyopsida, let us inquire briefly how the various 
components are derived. In  the region of the spinal cord, we 
have two components represented, the general somatic and the 
general visceral, both of whose ganglia are derived from the neural 
crest. In  the head we have the general somatic and the general 

The cranial and first spinal nerves of Menidia. Jour. o/ Corn. Neu., fig. 3, 1899. 
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visceral components present also, and these are derived exclusively 
in Ameiurus, and probably in other types, from the neural crest, 
so that for these two fundamental systems the cranial ganglia and 
spinal cord ganglia fall into one category, as far as their mode of 
origin is concerned. This fact tends to  emphasize in this respect 
the essential similarity of the head and cord region rather than 
the priority of one over the other. Whatever type of specializa- 
tion the head region may have undergone - and the specialized 
gangliafurnish the same kind of evidence as that furnished by 
other structures--the two regions are essentially alike in these two 
fundamental systems, both of which are very old phylogenetically 
and quite generalized. We need not conclude, however, that be- 
cause these two systems are old phylogenetically and generalized 
and are represented in both cranial and trunk regions, that they 
stand in any genetic relation to specialized systems of ganglia, such 
as the special somatic and special visceral ganglia of the head. 

In the discussion of the relation between general and special 
ganglia, the chief interest centers about the mode of origin of the 
special somatic and special visceral ganglia, which are peculiar 
to the cranial region and are not represented in the trunk. 

It will be easier to  follow the origin of the special visceral or 
gustatory ganglia first. It has been known for a long time that 
certain of the cranial ganglia derived from the neural crest 
come into contact with the lateral epidermis in at  least two regions. 
The more dorsal of these regions is a t  the level of the auditory 
vesicle, at which point the epidermal thickenings are known 
as dorso-lateral placodes; and the more ventral of these regions is 
at  the level of the dorsal portion of the gill slit, where the epider- 
mal thickenings are known as epibranchial placodes. The major- 
ity of observers, however, have expressed doubt as to whether 
the epidermis contributes cells to the neural crest portion of the 
ganglia. 

In  Ameiurus, owing to the hypertrophied character of the gusta- 
tory ganglia and possibly to the precocious appearance of these 
ganglia, there can be no doubt that epibranchial placodes do con- 
tribute cells to the neural crest ganglia. These placodes are not 
mere contact points, but are true epidermal thickenings which 

. 
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proliferate cells mesially so that they are added in rnost cases en 
musse to  the neural crest ganglia, and there is little cause for con- 
fusion as to their true nature. This mode of formation of the 
gustatory ganglia can be determined easily during the growth of 
the embryo in the case of the 7th and in the first two divisions of 
the 10th ganglia. The strongest, confirmation comes, however, 
in the case of the epibranchial ganglion of the 9th nerve. In  this 
nerve Professor Herrick can find only one type of visceral fibers, 
the special or gustatory, and in the development of the 9th vis- 
ceral ganglion the writer can find no trace of cells other than those 
that come from the placode, so that one is warranted in conclud- 
ing that the special visceral or gustatory ganglia come from the 
epibranchial placodes in Ameiurus. Every ganglion giviiig rise 
to gustatory fibers is derived in part from the placodes. This is 
true of the 7th, 9th, and four divisions of the 10th ganglia. (These 
are shown in cross-hatched shading in Fig. 2.) The fourth placode 

Fig. 2. Ganglia as in fig. 1 ,  to show t8he origin of the special visceral compon- 
ents. General somatic ganglia unshaded; special somatic ganglia indicated by 
vertirnl shading; general visceral ganglia indicated by horizont:d shading; special 
viscersl ganglia indicated by cross-hatched shading. 

of the 10th ganglion had not appeared at the age a t  which this 
reconstruction was made. Further than this, the placodal de- 
rivative in each ganglion is in a general way proportionate to the 
number of gustatory fibers coming from the adult ganglion. 

The last two placodal derivatives of the 10th ganglion are quite 
small, and the last one answers quite accurately to many of the 
descriptions of the epibranchial placodes in the literature. The 
last placode of the 10th does not appear until after the neural 
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crest ganglion comes into contact with the skin, and is in fact in- 
dicated only by the presence of this contact. If it were not for the 
characteristic relation presented by the 9th nerve and the almost 
equally characteristic relation shown by the first two divisions of 
the loth, one could easily accept for the last division of the loth, 
the usual description in regard to the relation of the placodes to 
the neural crest cells, namely, that the neural crest comes into 
contact merely with the epidermis. But with the history of the 7th, 
9th and the first two divisions of the loth, we must conclude that 
the usual description answers to a condition where the gustatory 
component in a ganglion is small or late in appearance, as in the 
mammals and in man particularly, and that probably the placodal 
contribution to the ganglion is not sufficiently large or sufficiently 
well defined to he isolated, and does not appear before the contact 
is formed between the neural crest ganglion and the epidermis. 

We have then in Ameiurus evidence that the special and general 
visceral systems, which have been separated in the adult on the' 
basis of the difference in the peripheral distribution and type of 
fibers, can be isolated in the embryo on the basis of mode of ori- 
gin of the two types of ganglia. The special comes from the epi- 
branchial placodes and the general from the neural crest. While 
this analysis of the ganglia cannot be made in the adult or even 
in a late stage of embryonic development, still the fact that they 
can be isolated in the earlier stages of their formation furnishes 
a striking confirmation of the analysis effected in the adult and 
tends materially to strengthen the point of view on which this 
analysis was made. 

Turning now to the other special system of the head, the special 
somatic or acustico-lateralis, we find a somewhat different his- 
tory with a rather sharp distinction between the mode of origin 
of pre-auditory and post-auditory components of this system. 
The last one of the series, the lateralis loth, is derived exclusively 
from a. dorso-lateral placode which is a posterior extension of the 
auditory vesicle. It becomes detached from the epidermis much 
as the epi-branchial ganglia do and contains no neural crest 
cells. The next two in the series, the latcralis 9th and the audi- 
tory, seem' to come exclusively from the auditory vesicle but ow- 
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ing to the congestion of structures in the auditory rcgion caused 
by the rapidly developing vesicle, it is difficult to be certain of 
their purely placodal origin. They may possibly contain neural 
crest cells in Ameiurus and have been described by other authors 
as arising largely from the neural crest. If they do contain neural 
crest cells, they represent a transition between the lateralis loth, 
which is a pure placodal ganglion, and the condition to be described 
in the lateralis 7th ganglion. Passing anteriorly, we come to 
the first one of the series, or rather the first two, the lateralis gang- 
lia associated with the geniculate ganglion of the 7th, which is 

Fig. 3. Ganglia as in figs. 1 and 2, shaded to  show source of origin. Unshaded 
ganglia derived from neural crest ; derivatives of dorso-lateral placodes indicated 
by vertical shading; derivatives of ventro-lateral placodes indicated by cross- 
hatched shading. 

pre-auditory in position. These two ganglia are derived exclus- 
ively from the neural crest and are totally unlike the lateralis 10th 
in their mode of origin. 

We have thus as derivatives of the neural crest in the head all 
of the general visceral and general somatic ganglia of the 5th, 7th, 
10th and the t.wo special somatic ganglia associated with the geni- 
culate ganglion of the 7th nerve. This is in rather striking con- 
trast with the specific mode of origin of the special visceral gang- 
lia, which are all derived from placodes, and at first glance seems 
to militate against the specific character of these ganglia as ob- 
served in the adult. But if one recall that the only condition 
imposed upon the nervous system, both peripheral and central, 
is that it shall furnish such correlations as will be profitable to t4he 
organism in adjusting i t  to its environment, it is not surprising 
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that sharp morphological distinctions should be rather frequently 
broken down. As illustrations of this, one has the dominance of 
certain centers in the brain as compared with the adjoining cen- 
ters of similar characters: the usurpation by one nerve, of peri- 
pheral areas usually innervated by a totally different nerve and 
even by a different kind of component, or the dominating of a 
pure lateralis nerve such as the hyomandibular by components 
such as the general cutaneous and the visceral. 

From a functional point of view, there is nothing unusual in the 
double mode of origin of the special somatic or lateralis ganglia 
of the head. As Professor Herrick has pointed out, the whole 
ectoderm of the head, particularly the dorsal and the lateral por- 
tions, is to be considered as potentially nervous. This is evi- 
denced by the formation of the neuro-epithelium of the olfactory 
organ, by the formation of the ganglia from the epibranchial 
placodes and the dorso-lateral placodes, arid by the formation of 
the neural crest ganglia and even of the cord itself. All the di- 
verse modes of ganglion formation seem to serve equally well in 
connecting the peripheral sense organs wi.th the central nervous 
system. 

The olfactory neuro-epithelium, with its sense cells acting as 
ganglion cells also, is evidently the simplest type of vertebrate 
ganglion. Next come the optic ganglionic cells which, while de- 
rived from the brain wall, still are only slightly removed from their 
epithelial origin. These ganglionic cells remain in the nervous 
layer and retain their position near their sense cells and do not 
migrate into the mesoderm. Following this, one has the auditory 
ganglion derived from the auditory pit but moving into the sur- 
rounding tissue and away from its sense cells. Its primitive 
character is evidenced by its bipolar ganglion cells and by the fact 
that its placode still remains a sense organ. Next, there is the 
lateralis ganglion of the 10th nerve, which comes from a placode 
but becomes entirely detached from it and lies in the mesoderm. 
In -kmeiurus this placode, unlike the auditory placode, does not 
become a sense organ. It may possibly do so in other types, as 
Wilson maintains, and it would then resemble the auditoryganglion. 
Following this there are the epibranchial ganglia derived from 
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placodes, concerning which there is no evidence in the ontogeny 
that these are sense organs at  all. It seems probable, however, 
that in phylogeny they may have been derived from, or at least 
associated with, sense organs located at  the dorsal portion of the 
gill slit, where the plncodes now arise. If the epibranchial gang- 
lia are included in this list tentatively, the whole class is character- 
ized by the fact that they are associated more or less closely with 
special sense organs, which they afterward bring into contact 
with the brain, and thus serve to adjust the organism to its en- 
vironment. 

The neural crest ganglia stand in rather sharp contrast with 
this large class of ganglia, in that they are not associated in origin 
with any type of special sense organ and conserve the functions of 
general sensibility rather than the special senses, except in the 
case of the lateralis 7th ganglia, so that they can hardly be placed 
in a series with the first class. If the lateralis 7th ganglia were 
derived originally from the placodes in Ameiurus, as they seem to 
be in Cyclostomes, and have changed from a placodal type to a 
neural crest type, it is rather a process of usurpation than of 
evolution. 

The pre-auditory cranial regioh presents other modifications as 
compared with the post-auditory region fully as remarkable as 
this. The writer believes that the specialized ganglia should not 
be considered as derived from the unspecialized ganglia in the 
sense that Johnston has shown the specialized centers of the brain 
to be derived from the unspecialized centers. These stand in a 
genetic relationship to  each other. On the other hand, the pla- 
coda1 ganglia have arisen in the potentially nervous ectoderm in 
response to the need of a more definite correlating apparatus and 
have come from the region of the sense organ. The neural crest 
ganglia have arisen in response to the same need, but have come 
from the region of the cord and brain. In  the case of the pre- 
auditory lateralis ganglia, the second type seems to have usurped 
the place and function of the first type and this may be going on 
even in the auditory and lateralis 9th. This change would be 
no more remarkable than other well known changes in the peri- 
pheral distribution and composition of nerves, which tend to  adapt 
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the organism more accurately to its environment, or t80 adifferent 
environment, or to integrate the activities of the organism itself. 
All of these changes, while presenting puzzling morphological con- 
ditions, tend to emphasize the idea that the functional needs of 
the organism rather than consistency in morphological detail is the 
key to the complicated nervous mechanism of the vertebrates. 

The original characterization of a nerve component included the 
following distinctive points. The peripheral sense organs are of 
a common type with a common function. The fibers of a given 
component are usually of a definite size, thus enabling one to 
trace them through their ganglionic connections to the brain. 
The ganglia are definitely localized and sometimes in the most 
favorable types sharply isolated from the adjoining ganglia. The 
central ending of a given component is definitely localized. From 
the embryological evidence, we can add to  this characterization 
the fact that the ganglionic components are definite in their mode 
of origin and except in the case of the preauditory lateralis ganglia 
are specific in their mode of origin. The general visceral and 
general somatic ganglionic components represented in both cranial 
and trunk regions are derived from the neural crest. The special 
visceral components are derived from the epibranchial placodes. 
The special somatic components show a transition from a pure 
placodal type in the lateralis 10th through a possible intermediate 
type in the lateralis 9th and auditory, to the pure neural crest 
type in the lateralis 7th. 




